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Experimental  Investigation of ;the Electron-Phonon 
La 

Interaction in  111-V Semiconductors 

Introduction 

This  qua r t e r ly  r epor t  p re sen t s  the 

of 9 . 3  k m c  phonons in  Tourmaline as a 

final measu remen t s  of the attenuation 

function of tempera ture .  The t empera -  

tu re  dependence of attenuation in quar tz  was a l s o  measu red .  

showed an  approximate T 

Both m a t e r i a l s  

7 
dependence a t  low attenuation leve ls .  The Tourmaline 

0 .8  .t 0.1  0 4.0 t 0 . 5  
leveled off to T - a t  95 K and the qua r t z  gradually changed to T - 

0 0 
a t  41 K. Below 35 K the quar tz  attenuation was lower than Tourmaline but above 

this t empera tu re  the Tourmaline attenuation was lower 

P r o g r e s s  is repor ted  on InSb preparat ion with a rod  f r o m  InSb c r y s t a l  

C now ready  for  9 .  3 k m c  acoust ic  measu remen t s .  Report  i s  a l so  made  of an 

unsuccessful  a t tempt  to detect  microwave phonon propagation in  a rod  f r o m  InSb 

c r y s t a l  A with higher sensit ivity than used previously.  This  s e t  a lower l imit  to 

the attenuation a t  10 db/cm.  

Attenuation measu remen t s  of 10 m c  acoust ic  waves are  repor ted  

0 0 
down to  7 7  K f o r  InSb and downto 4 K for  GaAs. 

T e m p e r a t u r e  Variation of Attenuation in Tourmaline and Quar tz  

P r e l i m i n a r y  measu remen t s  of the tempera ture  dependence of phonon attenua- 

tion in  Tourmaline c rys t a l s  were  presented in  the previous qua r t e r ly  r epor t ,  

Th i s  r e p o r t  was p repa red  by the RIAS Division, Mart in  Mar ie t ta  Corporat ion 
under  Contract  NAS 8-20012, ”Study of Electron-Phonon Interact ion in  111-V Semi-  
conductors”  for  the George C.  Marshal l  Space Flight Center  of the National 
Aeronaut ics  and Space Administration. The work was adminis te red  under the 
technical  d i rec t ion  of the Resea rch  P ro jec t s  Labora tory ,  George C .  Marsha l l  
Space Fl ight  Center  with Mr .  William J.. Robinson acting as P r o j e c t  Manager.  
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These data showed a tendency f o r  a decrease  in slope of the attenuation curve  

a s  the tempera ture  increased .  

a t tenuat ion/cm when looking a t  the f i r s t  echo as compared  with the second echo. 

This  seemed to imply a change in transducer loss  with tempera ture .  

There a l so  appeared to be a difference in the 

A considerable improvement,  i n  this period, was made in  the sensit ivity 

of the equipment and in  the accuracy  of the measu remen t s .  

slope with increasing tempera ture  was indeed conf i rmed and the measurements  

extended to higher tempera tures  a s  shown in F ig .  1. The apparent  change in  

t ransducer  loss  with tempera ture  was shown to be an  effect ,  a s  postulated in  

the l a s t  r epor t ,  of the interference of the r ece ive r  saturat ion with the f i r s t  echo. 

The interference of rece iver  saturation with the f i r s t  echo was reduced con- 

The dec rease  in  

s iderably by sett ing up the equipment for  more  p rec i se  tuning. 

into the cavity was adjusted by a fine adjustment to get exact c r i t i ca l  coupling. 

This  meant  l e s s  reflection of the main pulse back into the r ece ive r .  

coupling a l so  requi red  maintaining the magnetron frequency exactly a t  the cavity 

resonant  frequency . 
pulse  f r o m  the cavity and tuning to keep i t  minimized. 

switch was a l so  added in the rece iver  line to provide an  additional 20 db attenuation 

of the main  pulse into the rece iver .  

considerably such that there  was no interference with the first echo. 

The rf coupling 

The c r i t i ca l  

This  was done by continuously monitoring the ref lected 

A microwave diode 

Thus the r ece ive r  saturat ion was reduced 

' Once the f i r s t  echo was cleaned up in  this way i t  became c l ea r  that the values 

of attenuation in d b / c m  were the same within experimental  e r r o r s  for the f i r s t  

echo as f o r  the other echos .  It was a l so  possible to extend the measurements  to 

0 
higher  tempera tures  going all the way to 94 K before the first echo became too 

s m a l l  to measu re .  
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Attenuation measurements  were  a l so  made on quartz* f o r  the sake  of com-  

par ison.  The r e su l t s ,  shown in F i g .  1, which we obtained for  quar tz  were 

consistent with those of Pomerantz ' l )  which were shown in  the previous repor t .  

However, Pomerantz ' s  data covered a range f r o m  1 d b / c m  to 8.5 d b / c m  

whereas  our  measurements  extend f r o m  0.03 d b / c m  to 20 db /cm.  

s t a r t s  out a t  T - near  0 . 6  db /cm and gradually goes down to T - 

in the region between 10 and 20 db/cm.  

I 

The slope 

7.1 t 1 . 2  4.0 t 0 . 5  

I t  i s  worthwhile a t  this point to d iscuss  the way in  which these measurements  

0 
of attenuation were  made. 

the amplitudes of various echoesas seen on an  oscil loscope display of the detected 

Starting a t  the boiling tempera ture  of helium, 4. 2 K, 

output of a superheterodyne rece iver  were  compared with the amplitudes of pulses  

sent  th ru  the same  rece iver  by a standard signal genera tor .  Thus,  a reaaing in  

0 
' dbm was obtained for each  of a selected number of echoes a t  4. 2 K. Then a s  

'the tempera ture  was increased  the loss for  each  echo was recorded  a s  the 

difference between the reading i n  dbm fo r  that t empera ture  and the reading a t  

* o  
4. 2 K. 

4. 2 K. F o r  the green  tourmaline,  the f i r s t ,  second, third,  seventh and eleventh 

echoes were  recorded.  The eleventh echo was foiiowed up to 8. ( K, the seventh 

up to 1 2 . 8  K, the third up to 21. 3 K ,  the second up to 35.0 K, and the f i r s t  up 

These  measurements  thus r ep resen t  the attenuation relative to that a t  

0 

-o-- 

0 0 0 

to 3&. Thus it was poasib:e to g e t  reason&!y 2ccl;rate attezuztiaz Y"7a!ues 2T"rer 

J&obtained f r o m  Industrial  Optics Co. , Bloomfield, N .  J .  

M. Pomerantz ,  Tempera ture  Dependence of Microwave Phonon Attenuation, 
P h y s .  Rev. 139, A 5 0 1  (1965) 

(1) 

- 
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a wide dynamic range. 

24.9'K, the sixth up to 2 8 .  6'K, the third up to 33.8OK.  the second up to 3 6 . 9  K 

and the f i r s t  up to 44.1 K .  

With the quartz  the fifteenth echo was followed up to 

0 

0 

It is interest ing to compare our  resu l t s  for  tourmaline and quar tz  with 

(1) some of the generalizations deduced by Pomerantz  

of attenuation as a function of temperature  in a var ie ty  of ma te r i a l s .  

f r o m  his  measu remen t s  

F o r  

longitudinal waves in var ious mater ia l s  Pomerantz  quoted attenuations all 

proportional to T with an  average value n = 4 . 8  +- 1.4.  

e.  g. involves four points. 

to have a slope of T 

r a the r  l imited dynamic range. 

- n 
His data for  quartz  

The s t ra ight  line which he draws  thru these appears  

4 . 4  . However, as was noted e a r l i e r ,  these points cover a 

Therefore ,  i t  is c l ea r  f r o m  examining Fig.  1 

that his  data is quite consistent with ours  although we can  definitely see a change 

of slope in our  data while this i s  not obvious in his .  

In our tourmaline measurements  the change of slope i s ,  of cour se ,  very 

obvious. 

of Landau and Rumer  

( a  the rma l  phonon and acoust ic  phonon sca t t e r  to produce a second thermal  

phonon. ) However, they show that this theory applies only to t r ansve r se  acoustic 

The basic  theory for  scat ter ing of acoustic phonons by the rma l  phonons 

(2)  4 
predicts  a T dependence for th ree  phonon scat ter ing.  

phonons, In o r d e r  to get scat ter ing of longitudinal acoustic phonons according to 

{3! 7 
Pomeranchuk one must  have a four phonon p rocess  which leads io a T dependence. 

( 2 ) L .  Landau and G.  Rumer ,  Sound Absorption in  Solid Bodies,  Phys .  Z .  

(3)I. J .  Pomeranchuk,  J .  Phys.  (USSR) - 4, 259, 529  ( 1 9 4 1 ) ;  - 6 2 3 7  ( 1 9 4 2 )  

Sowjetunion, 1 1 ,  18 ( 1 9 3 7 )  - 
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It is very  suggestive that ou r  data show a dependence nea r  T for both qua r t z  

and tourmaline a t  the lower temperature .  

that s eve ra l  a ~ t h o r s ( ~ ) h a v e  discounted the necess i ty  of invoking a four  phonon 

However,  i t  mus t  be pointed out 

p r o c e s s  fo r  sca t te r ing  of longitudinal acoust ic  waves,  due to the finite life- 

t imes  of the t h e r m a l  phonons and the resul t ing quantum mechanical  uncertainty 

in  their  energy .  

The Landau and Rumer  theory applies only well  below the Debeye  t empera tu re  

where d ispers ion  effects are not important.  They point out that in  the high 

tempera ture  l imi t  the attenuation should approach a slope of T to the f i r s t  power.  

It is  a l s o  suggestive that our tourmaline data  r each  a slope of T 

-90 K. 

considerably lower than the value of 860 K obtained f r o m  the Lindeman melt ing 

0 . 8  t 0. 1 - a t  

0 0 
This  would imply a Debeye tempera ture  of 10-15 K fo r  tourmaline - 

0 

t empera tu re  formula(5) .  Incidentally, Pomeran tz ' s  p rescr ip t ion  that the Debeye 

t empera tu re  is about 10 t imes  the 3 db /cm tempera ture  leads for  tourmaline to 

0 0 
= 190 K and for  qua r t z  0 = 290 K. OD D 

Prepa ra t ion  of InSb f o r  9 . 3  Kmc Phonon Propagat ion 

A significant improvement  was accamplished in  the polishing of a rod  f r o m  

InSb c r y s t a l  C. The difficulty discussed previously in  development of a concave 

su r face  was el iminated by replacing the pyrex  g lass  mounting blank with a lead 

I .  S. Ciccare l lo  and K.  Dransfeld,  Ultrasonic  Absorption a t  Microwave 
F requenc ie s  and a t  Low Tempera tu res  in MgO and A1 0 Phys .  Rev. - 134, 
A1517 (1964) 
J .  M. Ziman,  Elec t rons  and Phonons. Oxford a t  the Clarendon Press  (1960) 

(4) 

2 3'  
(5) 
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glass  blank as suggested in the previous repor t .  

long with su r faces  f la t  t ow500  A and para l le l  to 0. 3 minutes  of a r c  was obtained 

Thus a n  InSb c r y s t a l  0 . 2 5  c m  

0 

and will be tes ted for  acoust ic  propagation. 

Another a t tempt  was made at propagating 9 . 3  Kmc phonons th ru  a n  InSb 

rod  f r o m  c r y s t a l  A .  An input pulse 20 db l a r g e r  than used  in  the previous 

a t tempt  was applied to the quar tz  t ransducer  c rys ta l .  The quar tz  t ransducer  

was sig-nificantly bet ter  than the one used in  the previous at tempt  having a n  

overa l l  loss  of 62 db as opposed to 76 db fo r  the previous tes t .  (This  t ransducer  

was similar to the quar tz  rod  which was  used for  the t empera tu re  dependence 

d iscussed  above).  The total loss i n  the t ransducer  plus 2.80 c m  1ong.InSb 

c r y s t a l  for  the expected f i r s t  echo was g rea t e r  than 117 db which r ep resen ted  

the l imi t  of sensit ivity of the sys t em.  

than 10 db /cm.  

2 .  10 mc Phonons 

Thus the attenuation in  InSb was g r e a t e r  

~ ~~~ ~ 

The holder fo r  making 10 m c  phonon attenuation measu remen t s  d i scussed  

in  the previous r epor t  was used successfully for  measu remen t s  on GaAs down 

to 4. 2 K. 

c r y s t a l  with Dow Corning 's  DC-200 fluid having a viscosity of 3 0 , 0 0 0  c s .  

difficulty occur red  with t ransducer  ringing as experienced previously with DC -200. 

0 
The 3 / 8 "  diameter  10 m c  quar tz  t ransducer  was bonded onto the 

No 

The attenuation data f o r  GaAs and InSb a r e  shown i n  Fig.  2 and,  as , 

expected dt this frequency, shows no appreciable  change with t empera tu re .  

Measuremen t s  down to 4 K were  made only with the GaAs by this writ ing,  but 

they will  be completed for  InSb and InAs shortly.  

0 
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Fig. 1. 9.3 Kmc phonon attenuatipn i n  tourmaline and quartz. 
I. I' 
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Fig. 2. Temperature dependence of attenuation of 10 mc phonons in InSb and Gas. 


